A AB BS ST TR RA AC CT T O Ob bj je ec ct ti iv ve e: : In general surgery, venous port catheters (VPC) are useful for maintaining long-term parenteral nutrition and protecting the venous system from trauma due to repeated access, such as in cancer patients. However, the most common users of this technique are cardiovascular surgeons and radiologists. The most popular route for long-term central venous catheterization is the subclavian vein, although it carries a 12% rate of peri-procedural complications. The aim of this retrospective study was to investigate the early and late complications associated with percutaneous insertion of VPCs by general surgeons and to compare the complication rates with those reported in the literature. M Ma at te er ri ia al l a an nd d M Me et th ho od ds s: : We investigated clinical and demographical data of 238 cancer patients who underwent totally implantable, indwelling, subclavian port catheterization in our General Surgery Clinic between March 2006 and December 2009. The port catheters implanted to the patients by the two experienced surgeons, using the same technique. R Re es su ul lt ts s: : One patient developed pneumothorax (0.42%) and in 4 (1.68%) patients inadvertent subclavian artery puncture was occurred. Catheter migration developed in 3 (1.26%) cases, two caused by spontaneous catheter rupture (Pinch off Syndrome) and the other one caused by catheter disconnection. C Co on n--c cl lu us si io on n: : In experienced hands, percutaneous implantation of an indwelling port catheter through the subclavian vein is safe with low complications and a high success rate. Good patient monitoring and a multidisciplinary approach are important for management of any likely complications.
n general surgery, venous port catheters (VPC) are useful for maintaining long-term parenteral nutrition and protecting the venous system from trauma due to repeated access, such as in cancer patients. However, the most common users of this technique are cardiovascular surgeons and radiologists.
Long-term central venous catheters were first used for parenteral nutrition in 1973. 1 Six years later, Hickman modified this catheter by increasing the diameter, after which the Hickman catheter was first utilized for chemotherapy, and venous port catheters gained popularity in the 1980s. 2, 3 Today, port catheters have become part of the clinical routine and they are used for both patients scheduled for home total parenteral nutrition (TPN) and as a means of vascular access for administering chemotherapy, fluids, and transfusions of blood and blood products to cancer patients. 4 Central venous port catheters can be inserted by three methods: by open surgery, percutaneously, and percutaneously under ultrasound guidance; each of those has advantages and disadvantages. The catheter is usually placed in the cephalic, internal jugular, or subclavian vein. The most popular route for long-term central venous catheterization is the subclavian vein, although it carries a 12% rate for peri-procedural complications. [5] [6] [7] The aim of this retrospective study was to investigate the early and late complications associated with percutaneous insertion of VPCs by general surgeons, and to compare the complication rates with those reported in the literature.
MATERIAL AND METHODS
We analyzed the clinical and demographical data of 238 cancer patients who underwent totally implantable, indwelling, subclavian port catheterization in the General Surgery Clinic of Acibadem Bursa Hospital, between March 2006 and December 2009. All of the neoadjuvant and/or adjuvant chemotherapy protocols for the patients included in this study were administered in the Oncology Clinic of our hospital. All patients gave their informed consents before the surgical procedures.
The port catheters were inserted by two experienced surgeons using the same technique in an operating room under sedation (Dormicum + Fentanyl) and local anesthesia (prilocaine hydrochloride), while ensuring proper sterility. The port catheters were inserted into the subclavian vein using the Seldinger technique under fluoroscopic guidance. First, we percutaneously punctured the subclavian vein and sent the guide wire through this needle. We then dilated the tract and advanced the sheath into the vena cava. The port catheter was inserted and the sheath peeled away. Next, we created a port pocket and tunnel. This is the most important step to prevent malfunction of the catheter and the pocket space should be sufficient to create a mild curve after connection of the port and the catheter. All patients received a preoperative antibiotic prophylaxis with 1 g of cefazolin sodium.
Our preferred route for catheter implantation is the right subclavian vein, due to its shorter length. In 225 cases, we used the right subclavian vein, and in the remaining 13 the left subclavian vein was selected due to previous right thoracic surgery in three cases, radiotherapy in eight cases, and an implanted port catheter in two cases. A Chemosite (Autosuture Schweiz, Switzerland) indwelling-port catheter was used in 228 of the included patients, and the Braun Access port systems (Braun, Germany) in the remaining 13. After insertion of the catheter, the port system was washed with 100 IU/ml of heparinized fluid, which was repeated monthly.
After implantation, routine chest radiographs were taken in all patients. The patients without any complaints or complications were discharged on the same day. Chemotherapy was not administered for 24 h following catheter implantation, or longer in the case of complications.
All complications were classified as early or late. Peri-procedural complications were accepted as the early complications, whereas those arising after discharge were classified as the late compli-Güner ve ark.
Genel Cerrahi cations. The study end point was considered as last outpatient follow-up date, the date of catheter extraction due to catheter-related complications, or for the patients who passed away, the date of death. Demographic data were expressed as mean ± standard deviation and as median (minimum-maximum range).
RESULTS
We investigated data from 238 cancer patients, 129 male and 109 female patients who had their VPCs in our clinic between 2006 and 2009. Their mean age was 58 ± 11 years and the median follow-up period was 287 (12-1109) days. Age, sex, primary cancer type, operation and follow-up times are summarized in Table 1 . Early and late complications are summarized in Table 2 .
EARLY COMPLICATIONS
One patient developed pneumothorax (0.42%) and in four patients (1.68%) the subclavian artery was punctured. The pneumothorax was treated by tube drainage and the four cases of subclavian artery puncture were treated with 5 min pressure on the needle entrance point.
LATE COMPLICATIONS
In two cases (0.84%) with lung and rectal cancer, symptoms such as erythema, facial swelling, and shortness of breath were observed 7-10 days after catheter insertion. Superior vena cava thrombosis was detected on thorax computerized tomography (CT). Both cases were deemed as having Superior Vena Cava Syndrome (SVCS) and the catheters were removed. Then, by interventional radiology, a stent was implanted in one of the patients and balloon dilation was applied in the other. In three patients receiving chemotherapy, there was no blood return from the catheters and on chest radiographs displacement of the catheter tip into the right jugular vein was detected. These malpositions were corrected in the operation room under fluroscopy. The displaced catheter tips were retracted to the subclavian vein, after which a new catheter was placed using a guide wire passed through the old catheter, without requiring a new puncture. Two other patients developed venous thrombosis of the subclavian vein. In both cases, anticoagulant therapy was initiated after catheter extraction.
Catheter migration occurred in three cases (1.26%), two caused by spontaneous catheter rup- ture (Pinch off Syndrome) and one by catheter disconnection (Figures 1, 2) . The diagnosis of migration was made by thoracic radiographs taken due to the absence of blood return from the port catheter. Venous angiography revealed that two of the catheter tips were in the right atrium while the other one reached the pulmonary artery. In each case, the catheter tips were extracted by the interventional radiology team via the percutaneous transfemoral route.
Three of our cases (1.26%) developed a port infection during the monitoring period. The infection did not resolve despite antibiotic therapy in one patient with port pocket infection, the infected port was removed. In the remaining two cases, the port catheters were removed due to catheter associated infections.
In 22 cases (9.2%) blood return from the catheter was absent, and thoracic radiographs were taken to rule out port dislocation. Venographies of these cases with proper catheter positioning in radiographs revealed fibrin sheaths on the catheters, and occlusion was treated in 14 cases by thrombolytic therapy. The remaining eight catheters were removed. In this study, the port explanting rate was 3.4%.
DISCUSSION
Central venous port systems are important in the treatment and care of cancer and general surgery patients. Although there is no consensus on the definition of late complications in the literature, the complications that develop beyond the peri-procedural period following insertion of the catheter have been defined as late complications. 8 Early complications of subclavian vein puncture include pneumothorax, hemothorax, air embolism, and arterial perforation. 9 The incidence of pneumothorax in subclavian vein punctures is 1-4%. The most important factors contributing to this complication are the experience of the surgeon and the attention paid to the anatomical landmarks. 10 In our series, only one case (0.42%) developed pneumothorax, which was treated by tube drainage. In four cases, an artery was punctured and 5 min of compression prevented additional morbidity.
Sakamoto et al. reported a 0.4% pneumothorax rate in 500 ultrasound-guided port catheterizations; which is the lowest rate reported to date. 11 Our pneumothorax rate is very close to the lowest rates reported, confirming our hypothesis that port catheters can be implanted with very low complication rates, even without ultrasound guidance, by an experienced surgeon. It is indisputable that low arterial puncture rates can be achieved with ultrasound guidance. However, in our series, arterial puncture neither caused serious complications nor prevented catheter insertion from the same side.
The incidence of catheter-associated venous thrombosis was low (1.68%) in our series. The correlation between cancer and thromboembolism increases as a result of cancer therapy and direct trauma to the vein, depending on the long-term central venous catheter usage. 12 Thrombosis may lead to many complications, such as increased infection risk, pulmonary embolism, and postphlebitic syndrome at the upper extremities, which will subsequently incur higher costs. 13 In our cases, thrombophylaxis was not employed. A recent meta-analysis showed that thrombophylaxis in cancer patients with venous ports did not significantly affect the catheter-associated thrombosis or bleeding risk, or did not cause undue harm. 14, 15 Puel et al. reported that the venous thrombosis development risk was higher with catheters inserted from the right side, primarily due to damage to the vein wall. 16 In our series, both cases that developed thrombosis in the superior vena cava had catheters inserted from the right side. The thrombosis that developed in the vena cava was treated with balloon dilation in one case and with anticoagulant therapy in the other. The thrombosis in the subclavian vein was treated with lowmolecular-weight heparin after removal of the catheter.
Dislocation of the catheter tip has been reported in several series at a rate of 1.3 to 5.4%. 4, [17] [18] [19] Displacement usually occurs into the jugular system. It has been suggested that spontaneous catheter displacement could be due to fluctuations in intrathoracic pressure. 19 Winston et al. reported brachialplexopathy following cytotoxic drug injection into a catheter that had migrated into the vertebral vein. 20 In cases with no blood return or resistance to fluid infusion, it is important to verify the location of the catheter by thoracic radiography. [21] [22] All of the three catheter tip displacements in our series were into the right jugular vein, but no related complications were observed. The distal end of the catheter was exposed by the incision of the skin below the clavicle, and it was retracted to the subclavian vein under fluoroscopy, after which the new catheter was inserted into the right atrium through the guide wire.
Compression of the catheter between the first rib and the clavicle is called the "pinch off sign", which has been reported at a rate of 1.1 to 5.0%, and it leads to symptoms such as resistance to infusion, discomfort under the clavicle, and swelling during infusion. 23, [24] [25] [26] Fractures at the catheter caused by biomaterial fatigue at the compression point and embolism by the fractured particles occur at a rate of 1.0 to 2.2%. [27] [28] [29] Regular thorax radiographs taken after catheter insertion help to check for compression. A more lateral site for subclavian vein puncture is recommended to reduce the risk of pinch off syndrome. 24 In our series, pinch-off syndrome and related catheter rupture occurred in two cases (0.84%).
Displacement of the catheter by disconnecting from the port chamber is a rare (0.1 to 2.0%) complication. Its occurrence rate has decreased gradually after the improvement in safely locking catheter and port systems. 24, 28, 30, 31 Gently washing the catheter with a 10-ml syringe is especially recommended, since smaller syringes could increase the risk of disconnecting the catheter and the port chamber through higher pressure. 21, [32] [33] [34] In our series, the only case (0.42%) with catheter and port disconnection was one of the first 10 cases during the learning period for this novel technique.
In the three cases with catheter rupture and disconnection, the ruptured and disconnected catheter parts were extracted by an interventional radiology team via the femoral vein.
Port catheter malfunction is a decrease in the capacity of fluid infusion and blood withdrawal through the catheter. It usually results from kink-
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ing of the catheter, fibrin sheath formation, clogging of the lumen by blood clots, precipitation of administered drugs and fluids, abutment of the catheter tip onto the vessel wall, or disconnection of the catheter. The incidence of catheter malfunction has been reported as 0.8 to 5%. 29, 31 The most common type of catheter malfunction is difficulty in blood withdrawal without resistance to infusion. It likely results from a fibrin sheath, which functions as a unidirectional flap valve at the catheter tip. 35 In our series, 22 patients (9.2%) had catheter malfunctions, likely due to subcutaneous kinking of the catheter out of its normal axis after port implantation.
CONCLUSION
When performed in experienced hands, percutaneous implantation of an indwelling port catheter through the subclavian vein is safe with a low complication and a high success rate. Additionally, ultrasound is not required for port placement. Good patient monitoring and a multidisciplinary approach are important for management of any likely complications.
We believe that general surgeons should consider the advantages of port catheter implantation post-operatively, especially for administration of chemotherapy.
